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(54) SEMICONDUCTOR DEVICE HAVING MULTILAYERED 
MANUFACTURING METHOD 

(57)Abstract: 

PROBLEM TO BE SOLVED: To realize the long 
durable life at low resistance value, by a method 
wherein, within one wiring layer out of a multilayer 
wiring, a main conductive layer is formed of Al or Al 
alloy further to form high melting point metallic layers 
in thickness in contact with the main conductive 
layer. 

SOLUTION: A connecting region 10 is formed in an Si 
substrate 1 1 to connect a plug P1 thereon for 
connecting the plug P1 to the first wiring layer W1. 
Next, plugs P2, P3 and P4 are respectively connected 
to the second wiring layer W2, the third wiring layer 
W3 and the fourth wiring layer W4. Within these wiring 
layers W, a Ti layer 13 is formed on the lowermost 
part and then a TiN layer 14 is formed thereon, next, 
a main conductive layer 15 is formed of Al or Al alloy 
and then the surface thereof 1 5 is covered with a Ti 
layer 16 to be a high melting point layer in thickness 
of 2nm-7nm further forming another TiN layer 17 on 
the Ti layer 1 6. 
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CLAIMS 



[Claim(s)] 

[Claim l] The semiconductor device which is a 
semiconductor device which has a multilayer 
interconnection and has the multilayer 
interconnection which has the main conductive 
layer in which at least one wiring layer of a 
multilayer interconnection was formed with 
aluminum or aluminum alloy, and the 1st 
refractory metal layer which contacts the 
aforementioned main conductive layer, is formed 
in the top or the bottom, and has the thickness of 
about 2nm - about 7nm. 

[Claim 2] The semiconductor device which is 
characterized by providing the following and 
which has a multilayer interconnection according 
to claim 1. the layer by which the aforementioned 
1st refractory- metal layer was formed on the 
aforementioned main conductive layer -- it is •• 
further ■■ the above •• the 1st refractory-metal 
nitride layer by which one wiring layer was 
formed on the aforementioned 1st 
refractory-metal layer even if few The 2nd 
refractory-metal nitride layer which contacted the 
aforementioned main conductive layer and was 
formed in the bottom of it. The 2nd 
refractory-metal layer formed in the bottom of the 
aforementioned 2nd refractory-metal nitride layer. 
[Claim 3] the aforementioned multilayer 
interconnection - the above - even if few •■ one 
wiring layer - the direction of a laminating - 
adjoining -- the above - the semiconductor device 
which has the multilayer interconnection 
according to claim 2 which has other wiring layers 
which have the same laminated structure as one 
wiring layer even if few 

[Claim 4] The semiconductor device with which all 
the aforementioned multilayer interconnections 
have the multilayer interconnection according to 
claim 2 which has the same laminated structure 
except for the wiring layer of the best layer. 
[Claim 5] Furthermore, the semiconductor device 
which has the multilayer interconnection 
according to claim 1 to 4 which has the tungsten 
plug which connects the wiring layer which the 
aforementioned multilayer interconnection 
adjoins. 

[Claim 6] The semiconductor device which is a 
multilayer interconnection containing the 
laminated structure which each contacted the 
main conductive layer of aluminum or aluminum 
alloy, a refractory-metal layer, and directly, and 
carried out the laminating, and has the multilayer 
interconnection which decreases in monotone as 
the aforementioned refractory metal layer 
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thickness becomes lower layer wiring. 
[Claim 7] The semiconductor device which has the 
multilayer interconnection according to claim 6 
which decreases in monotone as the 
aforementioned refractory-metal layer thickness 
to the thickness of the aforementioned main 
conductive layer becomes lower layer wiring. 
(Claim 81 The semiconductor device which has the 
multilayer interconnection according to claim 6 or 
7 in which the aforementioned main conductive 
layer contains more resultants of aluminum and a 
refractory metal than the crystal grain section in 
the grain boundary section 

[Claim 9] The manufacture method of a 
semiconductor device that wiring formation 
conditions are choson so that the reaction of 
aluminum and a refractory metal may be 
permitted as it becomes the upper wiring 
including the process which manufactures a 
multilayer interconnection in piles about the two 
or more layers wiring layer containing the 
laminated structure which contacted directly and 
carried out, the laminating of the main conductive 
layer and refractory-metal layer of aluminum or 
aluminum alloy. 

[Claim 10] The aforementioned wiring formation 
conditions are the manufacture method of the 
semiconductor device according to claim 9 to 
which refractory-metal layer thickness is made to 
increase in monotone as it becomes the upper 
layer. 

[Claim 11] The aforementioned wiring formation 
conditions are the manufacture method of the 
semiconductor device according to claim 9 or 10 to 
which the ratio of the refractory-metal layer 
thickness to the thickness of the main conductive 
layer is made to increase in monotone as it 
becomes the upper layer. 

[Claim 12] The aforementioned wiring formation 
conditions are the manufacture method of the 
semiconductor device according to claim 9 to 
which wiring formation temperature is made to 
increase in monotone as it becomes the upper 
layer. 

[Claim 13] The semiconductor device according to 
claim 1 to 8 whose aforementioned 
refractory-metal nitride the aforementioned 
refractory metal is Ti and is TiN. 
[Claim 14] The manufacture method of a 
semiconductor device according to claim 9 to 12 
that the aforementioned refractory metal is Ti and 
the aforementioned refractory-metal nitride is 
TiN. 

DETAILED DESCRIPTION 



iDetailcd Description of the Invention] 
[0001] 

[The technical field to which invention belongs] 
Especially this invention relates to the 
semiconductor device which has the multilayer 
interconnection in which a wiring layer contains 
the laminated structure of the main conductive 
layer of aluminum or aluminum alloy, and 
refractory-metal layers, such as Ti, about a 
semiconductor device. 
[0002] 

[Description of the Prior Art] A multilayer 
interconnection is used for a highly-integrated 
integrated circuit device. Also in wiring, width of 
face becomes narrow with the scale down of a 
semiconductor device. A wiring layer will be 
thickened if it is going to avoid high 
resistance-i-zation of wiring. In having formed the 
conformal layer insulation layer on the wiring 
layer, the level difference of the front face of a 
layer insulation layer hecomes large, and it 
becomes difficult to form the upper wiring. 
[0003] Then, carrying out flattening of the layer 
insulation layer front face i8 performed. As 
flattening technology, use of a reflow and a spin-on 
glass (SOG) layer, chemical machinery polish 
(CMP), etc. are used, the connection which reaches 
a lower layer wiring layer after carrying out 
flattening of the layer insulation layer -- a hole (a 
contact hole, beer halD is formed if the width of 
face of a wiring layer becomes narrow -• 
connection -- the aspect ratio of a hole - large - 
becoming - connection - a hole - it becomes 
difficult to be filled up with the upper wiring layer 
inside 

[0004] then, connection •• forming the conductive 
plug embedding a hole and forming the Gokami 
layer wiring layer is performed Formation of a 
plug is performed by the selective growth of a 
tungsten, growth of a blanket tungsten layer, 
subsequent CMP, the tungsten removal by etching, 
etc. 

[0005] According to such a process, a wiring layer 
can be formed on an always flat field, can prevent 
an open circuit of wiring in the level difference 
section, can make precision of phot lithography 
high, and can keep the reliability of wiring high. 
[0006] Wiring has low resistance enough and not 
to reduce a property by use, either is desired. Even 
if it forms wiring so that desired low resistance 
may be realized, the resistance of the done wiring 
may become high or resistance may rise with use. 
[0007] the resistance of wiring •• the resistivity of 
not only the resistivity of each wiring layer but the 
connection material between wiring layers (plug), 
and wiring -• a member •• it is influenced of the 



JP10 233443A 
contact resistance of a between, the 
electromigration at the time of use, etc. Especially 
in the multilayer interconnection using the plug, 
resistance of the contact section of an 
electromigration life and a plug poses a problem. 
[0008] 

[Problcm(s) to be Solved by the Invention] Thus, 
in the semiconductor device which has a 
multilayer interconnection, the highly reliable 
multilayer interconnection which has low 
resistance and a longevity life is required. 
[0009] The purpose of this invention is offering the 
semiconductor device which has low resistance 
and has the long multilayer interconnection of a 
use life. 

10010] Other purposes of this invention are 
offering the method of manufacturing such a 
semiconductor device. 
[0011] 

[Means for Solving the ProblemJ The 
semiconductor device which is a semiconductor 
device which has a multilayer interconnection 
according to one viewpoint of this invention, and 
has the multilayer interconnection which has the 
main conductive layer in which at least one wiring 
layer of a multilayer interconnection was formed 
with aluminum or aluminum alloy, and the 1st 
refractory-metal layer which contacts the 
aforementioned main conductive layer, is formed 
in the top or the bottom, and has the thickness of 
about 2nm - about 7nm is offered. 
[0012] According to other viewpoints of this 
invention, it is a multilayer interconnection 
containing the laminated structure which each 
contacted the main conductive layer of aluminum 
or aluminum alloy, a refractory -metal layer, and 
directly, and carried out the laminating, and the 
semiconductor device which has the multilayer 
interconnection which decreases in monotone is 
offered as the aforementioned refractory- metal 
layer thickness becomes lower layer wiring. 
[0013] The manufacture method of a 
semiconductor device that wiring formation 
conditions are chosen so that the reaction of 
aluminum and a refractory metal may be 
permitted is offered as it, becomes the upper 
wiring including the process which manufactures 
a multilayer interconnection in piles about the two 
or more layers wiring layer containing the 
laminated structure which contacted directly and 
carried out the laminating of the main conductive 
layer and refractory-metal layer of aluminum or 
aluminum alloy according toother viewpoints of 
this invention. 

[0014] If aluminum (aluminum alloy) layer and a 
refractory- metal layer are contacted, a laminating 



is carried out and heat treatment is added, the 
alloy (it is aluminum3 Ti when a refractory metal 
is Ti) of aluminum and a refractory metal is 
formed, resistance is high and the bird clapper is 
known. It is N2 when it is going to form the 
barrier layer of a refractory- metal nitride on the 
main conductive layer of aluminum (aluminum 
alloy), aluminum nitride may be formed in the 
main conductive-layer front face of aluminum 
(aluminum alloy) at the time of sputtering of the 
refractory metal in the inside of the atmosphere to 
include. 

[0015] If aluminum nitride is formed on the main 
conductive layer, the contact resistance of a wiring 
layer will increase remarkably. In order to prevent 
generation of aluminum nitride, it is effective to 
form a refractory -metal layer thinly before the 
refractory-metal nitride stratification. Then, 
aluminum alloy / refractory-metal laminating will 
arise inevitably. 

[0016] According to the experiment which this 
invention person conducted, when the 
refractory-metal layer thickness on the main 
conductive layer of aluminum (aluminum alloy) 
was chosen as 4-7nm, increase of the resistance in 
use was prevented and it turns out that it is 
remarkably effective in lengthening a life. 
[0017] Although the reaction of aluminum and a 
refractory metal consumes aluminum and makes 
resistance of a wiring layer increase, it makes the 
resistance over electromigration increase. 
Therefore, as for until, it may be desirable to 
permit the reaction of aluminum and a refractory 
metal to some extent 

[0018] The wiring layer which constitutes a 
multilayer interconnection receives the different 
heat history according to the level. The amount of 
heat treatment to receive decreases as it becomes 
the upper wiring. In the multilayer 
interconnection which has aluminum (aluminum 
alloy) / refractory-metal laminating, when the 
reaction of aluminum and a refractory metal 
progresses, the grade of a reaction decreases as it 
becomes the upper wiring. It is possible by 
choosing wiring formation conditions to control 
the reaction of aluminum and a refractory metal. 
[0019] What is necessary is to make it decrease in 
monotone as refractory- metal layer thickness 
becomes lower layer wiring, in order to prevent 
the superfluous reaction of aluminum and a 
refractory metal with lower layer wiring, or just to 
make it increase wiring formation temperature in 
monotone as it is made the upper layer. The bad 
influence by alloying of aluminum and a 
refractory metal can be suppressed, and good 
influence can be guaranteed. 
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[0020] 

[Embodiments of the Invention] The result is 
explained to be the experiment which this 
invention person conducted one by one. Ti was 
used as a refractory metal. 
[0021] The property of laminating wiring as 
shown in drawing 1 (A) was investigated. The 
composition of a sample forms the insulating 
layers 12, such as a field oxide film, on the front 
face of the Si substrate 11, and carries out the 
laminating of the aluminum-Cu alloy layer 15 and 
the top Ti layer 16 which turn into the bottom Ti 
layer 13, the bottom TiN layer 14, and the mam 
conductive layer on it, and the top TiN layer 17. 
The laminating of five layers from the bottom Ti 
layer 13 to the top TiN layer 17 constitutes one 
wiring layer W. 

[0022] In this composition, the aluminum-Cu alloy 
layer 15 and the top Ti layer 16 on it have touched 
directly, and the alloy generation by heat 
treatment poses a problem. The top Ti layer 16 
was formed in about 20nm in thickness in the 
Prior art. Although the wiring structure which 
does not create the top Ti layer 16 is also known, if 
aluminum nitride is formed in aluminum-Cu 
alloy-layer 15 front face in case the top TiN layer 
17 is formed, the contact resistance when forming 
a plug etc. on it will become high. 
[0023] The sample used in the experiment 
explained below was created on the following 
conditions. 

10024] The thermal oxidation film (Si02) was 
grown up lOOnm in thickness on Si substrate, and 
the laminating wiring layer was grown up by 
sputtering on it. The bottom Ti layer 13 and the 
top Ti layer 16 were formed by 2k W of sputtering 
power, and Ar gas ** lmTorr. The bottom TiN 
layer 14 and the top TiN layer 17 grew by 5k W of 
sputtering power, the Ar^N quantity of gas flow 
ratio 1:1, and ambient-gas-pressure 3mTorr. The 
aluminum-0.5%Cu alloy layer 15 grew by lOkWof 
sputtering power, and Ar gas ** 3mTorr. In 
addition, the sputtering system used the multi 
chamber system which performs vacuum 
conveyance. 

[0025] Initial sheet resistance was measured 
immediately after initial creation, resistance of 
the laminating wiring layer W heat-treated 
multiple times after that by making about 400 
degrees C and heat treatment for 30 minutes into 
a unit, and whenever it added heat treatment, it 
measured sheet resistance. The resistance 
measurement measured nine in a wafer by the 
eddy current, and asked for the average. 
[0026] Drawing 1 (B) is a graph which shows 
change of the sheet resistance to the repeat of heat 
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treatment. Among drawing, a curve RO forms the 
bottom TiN layer 14 and the aluminum alloy layer 
15 on the bottom Ti layer 13 with a thickness of 
20nm, and shows the sample which did not form 
the top Ti layer 16 but formed the direct, top TiN 
layer 17. A curve Rl shows the sample in which 
the top Ti layer 16 with a thickness of 5nm was 
formed on the aluminum alloy layer 15. A curve 
R2 shows the sample in which the top Ti layer 16 
with a thickness of lOnm was formed on the 
aluminum alloy layer 15. A curve R3 shows the 
sample in which the top Ti layer 16 with a 
thickness of 20nm was formed on the aluminum 
alloy layer 15. 

[0027] Whenever it repeats heat treatment in each 
sample so that clearly from drawing, resistance 
goes up. Resistance is large, so that the thickness 
of the top Ti layer 16 which the sample RO which 
does not have the top Ti layer 16 is low resistance 
most, and contacts on the aluminum alloy layer 15 
will increase, if the property between each sample 
is compared. From this result, the top Ti layer 16 
will have resistance of a wiring layer so low that it 
is thin, and its resistance of a wiring layer will be 
lower than the time of how which a top Ti layer 
twists preparing a top Ti layer, and it will be 
desirable. 

[0028] Drawing 2 makes a base unit a laminating 
wiring layer as shown in drawing 1 (A), and the 
composition of the sample in which the multilayer 
interconnection was formed is shown. 
10029] On the Si substrate 11, the Si oxide film 12 
was grown up 500nm in thickness by Plasma 
TEOS (tetrapod ethoxy silane). It created 
according to the same process as the sample which 
explained the 1st wiring layer Wl with reference 
to drawing 1 (A) on the Si oxide film 12. On the 1st 
wiring layer Wl, the resist pattern was created 
and the wiring configuration was processed 
according to the resist pattern by reactive ion 
etching (RIE). 

[0030] The silicon oxide 19 was grown up 2000nm 
in thickness, and flattening of the front face was 
carried out by chemical machinery polish (CMP) 
so that the 1st wiring layer Wl might be covered, 
the resist pattern which has opening 
corresponding to the wiring layer connection on Si 
oxide film 19 front face -• creating -• RIE •• 
connection - the hole Hi was formed RF reverse 
spatter cleaning •• carrying out " connection •• a 
hole • after cleaning inside, the TiN layer 20 was 
formed by 50nm sputtering in thickness, and the 
tungsten layer 21 was formed by thickness 
500nmCVD after that then, dry etching - W 
layers • the whole surface -• etching •- connection 
- a hole - it left the W field 21 only to the Hi 
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interior 

[0031] connection •■ the TiN layer 20 and the 
tungsten field 21 in a hole Hi constitute the 
conductive plug Pi On the layer insulation layer 
19 front face containing a plug PI, the 2nd wiring 
layer W2 which has the same composition as the 
wiring layer W shown in drawing 1 (A) was formed. 
The resist pattern was formed on the 2nd wiring 
layer W2, it was processed by RIE, and the 
pattern of the 2nd wiring layer W2 was obtained. 
Consequently, the 1st wiring layer Wl and the 2nd 
wiring layer W2 are electrically connected through 
a plug PL 

10032] Furthermore, the Si oxide film 24 was 
formed 2000nm in thickness by CVD, and 
flattening of the front face was carried out by CMP 
so that the 2nd wiring layer W2 might be covered, 
forming a resist pattern on layer insulation film 
24 front face, and performing RIE •• connection - 
the hole H2 was formed this connection ■■ a hole ■■ 
the best layer wiring was formed so that inside 
might be embedded the best layer wiring -- 
connection •• a hole •• after cleaning inside by RF 
reverse spatter, the Ti layer 25 with a thickness of 
30nm and the aluminum-Cu alloy layer 26 with a 
thickness of GOOnm were performed by growing up 
The resist pattern was formed after the best layer 
wiring, and patterning of the best layer wiring 
layer was carried out. 

[0033] The Si oxide film 27 was formed 2000nm in 
thickness by plasma CVD, and the SiN film 28 
was grown up 500nm in thickness on it so that the 
best layer wiring layer might be covered, the SiN 
film 28 and the Si oxide film 27 - penetrating - a 
pad • the hole was formed and the request field of 
the best layer wiring was exposed Then, the 
grinding of the tooth back of the Si substrate 11 
was carried out. Thus, to the created sample, 400 
degrees C and heat treatment for 30 minutes were 
repeated, and were performed. 
[0034] Drawing 3 shows the experiment of Ti 
thickness dependency of the beer resistance by the 
kelvin (Kelvin) pattern. 

[0035] Drawing 3 (A) shows the configuration of a 
kelvin pattern roughly, the 1st wiring layer Wl - 
an interstitial segment -- almost - a right angle •• 
bending - **** •- a flection - setting •• connection 
- a hole • the inner plug P connects with the 2nd 
wiring layer W2 It reaches 1st wiring layer Wl 
and the 2nd wiring layer W2 is connected to pads 
Tl and T2, and T3 and T4 in ends, respectively. 
Beer resistance is measured by passing Current i 
toward T3 from a pad Tl, and measuring voltage 
between a pad T2 and T4. in addition, the width of 
face of a wiring layer 0.54 micrometers and beer 
-- the hole was 0.44 micrometers of diameters The 
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resistance measurement, was measured by 4 **** 
using the usual prober. As a sample, top Ti layer 
thickness was changed to Onm, 5nm, lOnm, and 
20nm, and 108 samples of the same composition 
were used, respectively. 

[0036] Drawing 3 (B) is a graph which shows a 
measurement result. The horizontal axis in 
drawing shows kelvin beer resistance in Unit 
omega, and a vertical axis shows the accumulation 
frequency in which the same kelvin beer 
resistance appears by %. 

[0037] As for curves CP0, CP1, CPS', and CP3, top 
Ti layer thickness shows a sample (Onm, 5nm, 
lOnm, and 20nm), respectively. The point of 
measurement in drawing has resistance so high 
that it goes to the right, and shows the bad result. 
Moreover, a distribution is as large as a low and a 
curved inclination shows a bad result. The 
resistance of the curve CP 0 which does not have a 
top Ti layer itself is strong, and the distribution 
also shows the bad large result. 
[0038] To the curve CP 0 which does not have a top 
Ti layer, resistance becomes low remarkably, the 
curves CPl, CP2, and CP3 in which the top Ti 
layer was formed become sudden I a curved 
inclination ], and a distribution becomes narrow 
and they show the improved result. In addition, 
the difference by top Ti layer thickness is not 
accepted so much. It turns out that, it is 
remarkably desirable to form a top Ti layer from 
this result in the composition which connects 
between wiring layers through a plug, and it is 
almost indispensable. 

[0039] Drawing 4 shows the experiment of the 
electromigration in a single wiring layer. Drawing 
4 (A) is the outline plan showing the circuit 
pattern of a sample. The wiring layer W has pads 
T5 and T6 to ends, and passes current toward a 
pad T6 from a pad T6. Pads T7 and T8 are further 
connected in the middle of the wiring layer W, and 
the voltage drop in a wiring layer is measured. 
[0040] The sample used for this experiment is 
composition as shown in drawing 1 (A), and 
formed the laminating wiring layer Won the Si 
substrate 11 according to the process which grew 
500nm in thickness and explained the Si oxide 
film 12 of Plasma TEOS with reference to drawing 
1 (A) on it. Top Ti layer thickness made it change 
with Onm, 5nm, lOnm, and 20nm like an 
above-mentioned case. The resist pattern was 
formed on this wiring layer, RIE was performed, 
and patterning of the wiring layer W was carried 
out. The width of face of circuit pattern W was 
changed to 0.6 micrometers, 2 micrometers, and 8 
micrometers. On the wiring layer W, flattening of 
the Si oxide film of Plasma TEOS was carried out 
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by CMP by 2000nm growing, and the insulator 
layer was formed. The insulator layer was 
penetrated and puncturing which reaches a pad 
was formed by patterning using a resist pattern 
and RIE. Then, 450 degrees C and annealing for 
30 minutes were performed 10 times. 
[0041] The evaluation method in an experiment 
passes current from the end6 T5 and T6 of Wiring 
W, and carries out the monitor of the resistance. 
When resistance rises 20%, it is judged that the 
sample is poor. 20 samples are examined on the 
same conditions, a poor number assumes that a 
log normal distribution is followed, and 60% 
estimates the poor 50% time t50 which becomes 
poor. It sets to the sample of each wiring width of 
face, and current density is 2 MA/cm2 in common. 
It set up. That is, wiring **** passed so much 
current the Iatus case. The neglect temperature of 
a sample was 250 degrees C. 
[0042] Drawing 4 (B) is a graph which shows an 
experimental result. A horizontal axis shows top 
Ti layer thickness in Unit nm, and a vertical axis 
shows the poor time t50 in unit time (hrs) 50%. 
T0043] The curve LI which shows the sample 
whose wiring width of face is 0.6 micrometers 
shows maximum by 5nm of top Ti layer thickness, 
and shows the result which decreases as the 2nd 
Ti layer thickness becomes thick. Moreover, poor 
50% time when not having a top Ti layer is 
decreasing by 1 or more figures from maximum. If 
the curve L2 which shows the sample whose 
wiring width of face is 2 micrometers has the 
shortest poor time and forms a top Ti layer 50% 
when not forming a top Ti layer, it is not based on 
the thickness but the poor 50% time t50 shows the 
value of the improved simultaneously regularity. 
[0044] The poor time t50 improves 50% as the poor 
time t50 shows the minimum value 50% and a top 
Ti layer is set to 5nm and lOnm, when the curve 
L.3 which shows the sample whose wiring width of 
face is 8 m icrometers does not have a top Ti layer. 
[0045] The result shown in drawing 4 (B) shows 
the behavior which changes with wiring width of 
face. If wiring width of face grows a direct TiN 
layer on aluminum alloy layer a latus case (2 
micrometers, 8 micrometers), a life is short and 
the bird clapper is shown. This is in agreement 
with the fact generally known. When wiring width 
of face is narrow (0.6 micrometers), maximum 
with top Ti layer thickness characteristic in 5nm 
circumference is shown. More specifically, the 
examination of 2853 hour6 was performed and 
only three pieces became poor among 20 samples. 
[0046] Drawing 5 shows the experiment of length 
dependence electromigration (LDEM, length 
dependence electromigration). 



[0047] Drawing 5 (A) shows the composition of a 
sample roughly. On the Si substrate 11, the Si 
oxide film 12 with a thickness of 500nm was 
formed by Plasma TEOS, and the 1st wiring 
layers Wll and W12, --, the 2nd wiring layers 
W21 and W22 and the structure which connected 
- through plugs Pi and P2 and - wore created on 
it. Creation of wiring structure is the same as that 
of the process explained with reference to drawing 
2 . 400 degrees C and heat treatment for 30 
minutes were performed 5 times after the 
tooth-back grinding of Si substrate. 
[0048] the connection whose wiring width of face is 
0.54 micrometers, and, as for the configuration of 
a sample, forms plugs PI and P2 and •• the path of 
a hole is 0.5 micrometers The 2nd wiring layers 
W21 and W22 and - are connected with the 1st 
wiring layers Wl 1 and W12 and - by plugs Pi and 
P2 and - by turns. 

[00491 The length of a wiring layer 2 micrometers 
(Wll) -2 micrometers (W2l) -5 micrometers (W12) 
-5 micrometers (W22) 10 micrometers (W13) It 
was made to change gradually with - 10 
micrometers (W23) - 20 micrometers (W14) - 20 
micrometers (W24) - 50 micrometers (W15) • 50 
micrometers (W25) - 100 micrometers (W16) - 100 
micrometers (W26) - 200 micrometers (W17) - 200 
micrometers (W27), and connected. 
[0050] Measurement maintained the sample into 
250-degree C atmosphere, passed 2mA current 
from pattern ends, and carried out the monitor of 
the resistance of the connected wiring at intervals 
of 5 minutes. When resistance becomes high 20% 
from initial resistance, it is defined as wiring 
having become poor. The same conditions 
estimated 20 samples, and the poor number 
assumed that a log normal distribution was 
followed, and computed the poor time t50 50%. 
[0051] Draw ing 5 (B) shows a measurement result. 
A horizontal axis shows top Ti layer thickness in 
Unit nm, and a vertical axis shows the poor time 
t50 in unit time (hrs) 50%. A curve L4 shows 
LDEM to the connection wiring whose wiring **** 
is 0.54 micrometers. If top Ti layer thickness is set 
to 5nm from Onm, poor 50% time of LEDM 
improves a little. If top Ti layer thickness 
increases to lOnm from 5nm, the poor 50% time 
t50 of LEDM will fall quickly, and if the Gokami 
side Ti layer thickness is made to increase, it will 
decrease still more nearly gently. 
[0052] Although it is the value which it is 
last-minute and can be used also in poor 50% time 
in case top Ti layer thickness is 20nm, a margin 
serves as severe conditions on management few. If 
the 2nd Ti layer thickness is set to lOnm, a life 
will become long a little. When the 2nd Ti layer 
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thickness is 5nm, a life becomes long sharply and 
the result which wa6 very excellent is shown. 
[00531 When not creating a top Ti layer, the good 
result near at the time of the thickness whose top 
Ti layer is 5nm is shown. However, if a top Ti layer 
is not used as shown in the experimental result of 
drawing 3 (B), the value of beer resistance will 
become high, and as shown in the experimental 
result of drawing 4 (B), poor 50% time in the same 
wiring layer will become low. 
[0054] When forming Ti layer which contacts 
aluminum (aluminum alloy) layer directly putting 
the above result together, by choosing more 
preferably 2nm - 7nm of the thickness within the 
limits of 4nm • 7nm shows that the result which 
was excellent in criticality is obtained. 
[0055] Drawing 6 shows the sketch of the 
cross- section transverse-electromagnetic 
photograph after heat treatment of the sample to 
which top Ti layer thickness was changed. As for 
drawing 6 (A), the top Ti layer 16 shows a case 
with a thickness of 5nm. The aluminum alloy 
layer 15 formed crystal grain, and the 
aluminum-Ti reactant field 18 where a top Ti 
layer and aluminum reacted has appeared in the 
grain-boundary field to which crystal grain 
touches. However, on aluminum crystal grain, the 
top Ti layer 16 hardly reacted with aluminum, but 
remains with Ti layer. 

[0056] Drawing 6 (B) shows the cross-section 
structure of the sample which set top Ti layer 
thickness to lOnm. In this sample, a top Ti layer 
disappears and the aluminum-Ti reaction layer 18 
to which aluminum and Ti reacted is formed also 
in the crystal grain upper part of the aluminum 
alloy layer 15. The aluminum-Ti reactant is 
recognized to be aluminum3 Ti, and has the 
thickness which increased rather than the early 
top Ti layer (1 Onm in thickness). 
[0057] Drawin g 6 (C) shows the composition of the 
sample at the time of setting top Ti layer 
thickness to 20nm. A top Ti layer disappears also 
in the crystal grain upper part of the aluminum 
alloy layer 15, the aluminum-Ti reaction layer 18 
is formed more thickly, and the thickness of the 
aluminum alloy layer 15 is thin. 
[0058] Although the reason is still unknown, when 
thin Ti layer is formed on aluminum (aluminum 
alloy) layer, even if it heat-treats, the reaction of 
aluminum and Ti is suppressed, and it turns out 
that the aluminum-Ti reaction is advancing only 
in the grain-boundary section. 
[0059] When the reaction of aluminum and Ti 
arises, it is judged that reaction layer thickness is 
determined according to Ti layer thickness. 
Therefore, aluminum-Ti reaction layer thickness 
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will be decided by Ti layer thickness and heat 
treatment conditions. 

[0060] Putting the above results including the 
result of drawing 6 together, in the 
multilayer-interconnection structure of connecting 
between wiring layers with a plug, it is desirable 
to form thin Ti layer on aluminum (aluminum 
alloy) layer, as for this Ti layer thickness, it is 
desirable to be referred to as about 2nm - about 
7nm, and it is still more desirable to be referred to 
as about 4nm • 7nm. Creating Ti layer with a 
thickness of 2nm has especially the desirable 
thing to consider as the thickness of about 4nm - 
about 7nm, when a production control top also has 
a difficult point and the ease of management of a 
manufacturing process is also taken into 
consideration. 

[006 ll Drawing 7 shows roughly the 
multilayer-interconnection structure by the 
example of this invention. The connection field 10 
is formed in the Si substrate 11, and the plug PI is 
connected on it. It connects with a plug PI and the 
1st wiring layer Wl is connected to a plug P2 on 
the upper surface. It connects with a plug P2 and 
the 2nd wiring layer W2 is connected to a plug P3 
on the upper surface. It connects with a plug P3 
and 3rd wiring layer W3 is connected to a plug P4 
on the upper surface. The 4th wiring layer W4 is 
connected to a plug P4. These multilayer 
interconnections are insulated from the 
circumference by the insulating region 9. 
(0062] Drawing 7 (B) shows the laminated 
structure of wiring layers other than the wiring 
layer of the best layer. Each wiring layer W has 
the Ti layer 13 at the bottom, and the TiN layer 14 
is formed on it. The aluminum (aluminum alloy) 
layer 15 which is the main conductive layer is 
formed on the TiN layer 14, and the 4-7nm Ti 
layer 16 is a wrap more preferably 2-7nm in 
thickness about main conductive-layer 15 front 
face. The TiN layer 17 is formed on this Ti layer 16. 
It becomes possible to suppress resistance of a 
wiring layer low and to keep a life long by setting 
more preferably to 4-7nm 2-7nm of thickness of 
the Ti layer 16 which touches the main conductive 
layer 15 directly. 

[00631 Drawing 7 (C) shows the laminated 
structure of wiring of the best layer. The wiring 
layer WT of the best layer consists of laminatings 
of the Ti layer 13, the TiN layer 14, aluminum, or 
the aluminum alloy layer 15, and does not have Ti 
layer and a TiN layer on it. Since it is not 
necessary to connect the best layer wiring layer to 
a plug further, upper Ti layer and a TiN layer are 
eyes an unnecessary hatchet. 
[0064] In addition, it is known that it will be easy 
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to produce especially electromigration in 
aluminum grain boundary. In aluminum grain 
boundary, when a aluminum -Ti reaction is 
produced, it is expected that resistance improves 
to electromigration. For that, to produce a certain 
amount of aluminum-Ti reaction is desired. 
[0065] In a multilayer interconnection, the 
amount of heat treatment decreases, so that it 
becomes the upper wiring. Probably, it will be so 
desirable that it will go to lower layer wiring in 
the multilayer interconnection in which each 
wiring layer contains the laminating of an 
aluminum (aluminum alloy) layer -Ti layer if this 
point is taken into consideration to make Ti layer 
thickness thin. 

[0066] For example, Ti layer thickness which 
contacts aluminum (aluminum alloy) layer and 
directly is made to increase from a lower layer in 
monotone like 5nm, lOnm, I 5nm, and 20nm 
toward the upper layer in a multilayer 
interconnection. In order to prevent too much 
reaction of aluminum-Ti, you may make it 
increase from a lower layer in monotone like 5nm, 
10nm, lOnm, and - toward the upper layer, if a 
process margin is also taken into consideration, 
various change of thickness can be boiled and set 
up 

[0067] In addition, you may make wiring 
formation temperature high aa it becomes the 
upper wiring using Ti layer of the same thickness, 
in case a multilayer interconnection is created. 
[0068] Hereafter, taking the case of the case where 
a CMOS semiconductor device is manufactured, 
the manufacture method of the semiconductor 
device by the example of this invention is 
explained. 

[0069] As shown in drawing 8 (A), the SiN film 
pattern 33 is formed through the buffer oxide film 
32 on p type Si substrate 31 front face. The SiN 
film pattern 33 functions as an oxidization mask 
in LOCUS. The field covered by the SiN film 
pattern 33 turn6 into an active region, and a field 
oxide film is formed in other fields. 
[0070] In order to form n type well for creating p 
channel MOS FET, the resist pattern Rl which 
has puncturing to n type well field is created. This 
resist mask Rl is used as a mask, and the ion 
implantation of the P ion is carried out to the p 
type Si substrate 31 through the SiN film 33 and 
the buffer oxide film 32. Thus, after performing 
the ion implantation for n type well formation, the 
resist mask Rl is removed, it oxidizes thermally in 
an oxidizing atmosphere, and an oxide film is 
grown up according to a LOCOS process. 
[0071] As shown in drawing 8 (B), after forming 
the field oxide film 36, the wrap resist mask R2 is 



formed for n type well 34, and B ion implantation 
for p type well formation is performed, p type well 
38 is formed by the ion implantation of B. Then, 
the resist mask R2 and the SiN film pattern 33 
are removed. Then, the buffer oxide film on n type 
well 34 and p type well 38 front face is also 
removed. 

[0072] As 6hown in drawing 8 (C), the gate oxide 
film 41 is formed in the exposed active-region 
front face by thermal oxidation. Furthermore, on 
the gate oxide film 41, the polycrystal Si film 42 is 
grown up by CVD, and the WSi layer 43 is grown 
up by CVD or PVD if needed. Furthermore, the 
need is accepted and it is Si02 on the WSi layer 43. 
A film 44 is grown up by CVD. 
[0073] In addition, when the polycrystal Si film 42 
and the WSi layer 43 are grown up, these 
laminatings form the gate electrode layer G. When 
a gate electrode layer is formed only in a 
polycrystal Si layer, in the silicide reaction process 
performed next, a silicide film is formed on a 
polycrystal Si film. 

10074] After forming the laminated structure for 
gate electrodes, the resist pattern R3 is formed on 
a laminating, and patterning of a gate electrode is 
performed. After carrying out patterning of the 
laminated structure, the resist mask R3 is 
removed. 

[0075] The resist mask R4 which has puncturing 
which exposes p type well 38 as shown in drawing 
9 (A) is formed, the ion implantation of the P ion is 
carried out, and it is n for LDD. • A layer 46 is 
formed. The resist mask R4 is removed after that, 
and the resist mask R5 which has puncturing 
which exposes n type well 34 is formed shortly. 
The resist mask R5 is used as a mask, and it is 
BF2. The ion implantation of the ion i6 carried out 
and it. is p for LDD. • A field 47 is formed. The 
resist mask R5 is removed after that. 
[0076] As shown in drawing 9 (B), a gate electrode 
is covered, a SiO film is formed by CVD on the 
whole substrate surface, and the gate side wall 48 
is formed only on a gate electrode side attachment 
wall by performing anisotropic etching. The gate 
electrode upper surface is also being worn by 
oxide-film 44a. 

[0077] The ion implantation of the As is carried 
out to p type welJ 38 using the resist mask same 
with having been shown in drawing 9 (A) as 
shown in drawing 9 (C), the source / drain field 49 
of high high impurity concentration are formed, 
and it is BF2 to n type well 34. An ion 
implantation is carried out and the source / drain 
field 50 of high high impurity concentration are 
formed. 

[0078] As shown in drawing .10 (A), Ti layer is 
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deposited on the whole substrate surface, and the 
TiSi layer 51 is formed by heat-treating on the 
field which Si has exposed. An unreacted Ti layer 
is removed after this silicide reaction. Tn addition, 
Co may be used instead of Ti and a CoSi layer may 
be formed. 

[0079] In drawing 8 (C), a gate electrode is formed 
only in a polycrystal Si layer, and it is Si02. When 
a film 44 is not formed, either, a silicide layer is 
formed also on a polycrystal gate electrode layer. 
[0080] Drawing 10 (B) shows this case. Ti layer is 
deposited on the whole substrate surface, and the 
TiSi layer 51 is formed by heat-treating and 
carrying out a silicide reaction on the source / 
drain fields 49 and 50, and the polycrystal 
silicon-gate electrode 42. 

[0081] Thus, after forming CMOS structure, the 
layer insulation film 52 is formed on a front face. 
The layer insulation film 52 is set to silicon-oxide 
layer 52a by CVD from the laminating of SOG 
layer 52b. In addition, after forming an SOG film, 
flattening of the front face is carried out by CMP. 
Then, a contact hole 53 is formed using a resist 
mask. 

[0082] it is shown in drawing 11 (A) -- as -- 
connection - connection on the insulating-layer 52 
front face in which the hole 53 was formed -• the 
inside top of a hole 53 •• the Ti layer 54 and the 
TiN layer 55 -- depositing - after that and CVD •• 
the tungsten layer 56 -• growing up - connection - 
a hole is embedded Then, the tungsten layer 56 on 
an up flat side is removed by etching extensively. 
[0083] Then, the 1st wiring layer Wl formed by 
the laminating of the Ti layer 13, the TiN layer 14, 
aluminum or the aluminum alloy layer 15, the Ti 
layer 16, and the TiN layer 17 is formed, and 
patterning is carried out using a resist mask. 
Under the present circumstances, let thickness of 
the top Ti layer 16 be the thickness of 2 7nm. 
[0084] In addition, although the case where a 
tungsten layer was removed by etching was 
explained, CMP may remove the tungsten layer on 
a flat side. 

[0085] Drawing 1 1 (B) shows this case. After the 
tungsten stratification, CMP is performed and the 
flat front face of an insulating layer 52 is exposed, 
connection - in a hole 53, the Ti layer 54, the TiN 
layer 56, and the W field 56 are left behind Then, 
the 1st wiring layer Wl is formed. 
[00861 As shown in drawing 11 (C), after forming 
the 1st wiring layer Wl, the layer insulation film 
57 is formed and flattening of the front face is 
carried out. the layer insulation film 57 -■ 
connection • a hole is formed, 59 is formed 58 or 
W layers of TiN layers, and etching removes W 
layers on a flat side Thus, the plug which 



penetrates the layer insulation film 57 is formed. 
[0087] In addition, CMP besides etching may 
perform removal of W layers on a flat side like the 
above-mentioned. Drawing 11 (D) This case is 
shown. CMP is performed after the tungsten 
stratification, layer insulation film 57 front face is 
exposed, and a flat front face is formed. 
10088] Then, the process shown in drawing 1 1 (A) 
and (B) and the same process are performed, and 
the 2nd wiring layer is formed, henceforth, layer 
insulation film formation and connection -- a hole 
- the process of formation, plug formation, and 
the wiring stratification is repeated, and the 
multilayer-interconnection structure of a required 
number of layers is acquired In each wiring layer, 
it is desirable to form Ti layer with a thickness of 
2-7nm on the main conductive layer of aluminum 
or aluminum alloy 

10089] In addition, when forming a aluminum -Ti 
alloy field in the grain-boundary section of the 
main conductive layer positively, you may thicken 
Ti layer thickness. In this case, things are thickly 
(Ti layer thickness is made thin, so that, it goes to 
a lower layer) desirable so that it goes to the upper 
layer in consideration of the history of heat 
treatment in a multilayer interconnection in Ti 
layer thickness. As for decreasing the ratio of Ti 
layer thickness to aluminum (aluminum alloy) 
layer thickness so in monotone that it becoming a 
lower layer, it is desirable to make aluminum 
(aluminum alloy) layer thickness so thick that it 
become the upper layer etc. when making it 
change according to level. 

[0090] As shown in drawing 12 , the phenomenon 
in which aluminum wiring in a beer hall blisters 
in the shape of a salient with heat treatment after 
hole opening is reported from several years before. 
The wiring layer W is formed on insulating-layer 
9a, and the front face is worn by insulating-layer 
9b. The beer hall H which penetrates 
insulating-layer 9b and reaches the wiring layer 
W is formed. If heat treatment for forming the 
Gokami layer wiring is performed, Salient PJ will 
arise in a beer hall H. The parameter which 
determines this is considered depending on the 
thickness (strength) of TiWTi which \b in the 
upper part of heat treatment and lower layer 
wiring (for example, the 1st layer wiring) at the 
time of growth of the upper wiring (for example, 
two-layer watch line). 

[0091] As for this phenomenon, aluminum is 
explained to extrude in a beer hall for the stress 
from the insulator layer of the difference in a 
coefficient of thermal expansion to the 
circumference. Therefore, it is imagined easily 
that it is hard to come out, so that TiN/Ti on 
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aluminum is thick, and heat treatment at the time 
of the upper wiring layer growth cannot come out 
of a low easily 

[0092] However, in the above-mentioned example, 
in order to raise reliability, Ti tends to be made 
thin, and it is also going to make aluminum -Ti 
reaction thickness thin further. It will become 
easy to come out of a poor salient if a reaction 
layer is thin. It is more advantageous to thicken Ti 
layer (TiN/Ti layer) little by little from the 
2nd layer wiring layer, even if it made Ti of the 
lst layer wiring layer thin, in order to prevent a 
poor salient. Probably, it will be more desirable, in 
order for the direction whore the reaction also 
carried out aluminum and Ti to be salient poor 
prevention, if it can do. However, if Ti raises heat 
treatment temperature in the thin state suddenly, 
since a salient will come out at the time, it is 
desirable to perform gradual strengthening of not 
making the 1st layer react at low temperature, but 
making it somewhat thick from a two-layer eye, or 
raising temperature, and making it react etc. 
[00931 Since wiring thickness tends to become 
thick as a general inclination as it goes to wire the 
upper layer, if sheet resistance is taken into 
consideration, the direction to which carried out Ti 
** thickly relatively, and it was made to react will 
become advantageous about a poor salient. 
[0094] In addition, in consideration of the margin 
in a manufacture process, it is good also as the 
same to all wiring layers in Ti layer thickness (or 
ratio of thickness). In this case, it is so desirable 
that it goes to the upper layer to make high heat 
treatment temperature at the time of the wiring 
stratification. 

[0095] After forming the wiring layer of the best 
layer, Si oxide films (PSG etc.), an SOG film, a SiN 
covering film, etc. are grown up as an insulator 
layer. Then, puncturing for pad formation is 
formed by RIE using the resist pattern. Finally, 
annealing in hydrogen atmosphere is performed, 
tooth -back grinding is performed, and a 
semiconductor device is completed. 
[0096] As mentioned above, although the case 
where Ti was used as a refractory metal was 
explained, other refractory metals, such as W, can 
also be used. In this case, as for TiN, considering 
as the refractory-metal nitride of WN is good. 
[0097] Although this invention was explained in 
accordance with the example above, this invention 
is not restricted to these, for example, various 
change, improvement, combination, etc. are 
possible - this contractor - obvious - it will be . 
[0098] 

[Effect of the Invention! As explained above, 
according to this invention, resistance of wiring 
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confining contact resistance is low, and the 
semiconductor device which has a reliable 
multilayer interconnection to electromigration etc. 
is offered. 

DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 
[Drawing ]] It is the cross section and graph for 
explaining the experiment which this invention 
person conducted. 

[Drawing 21 It is a cross section for explaining the 
experiment which this invention person conducted. 
[Drawing 3l It is the plan and graph for explaining 
the experiment which this invention person 
conducted. 

[Drawin g 4] It is the plan and graph for explaining 
the experiment which this invention person 
conducted. 

[Drawing 5l It is the cross section and graph for 
explaining the experiment which this invention 
person conducted. 

iDrawing 6l It is the sketch of the 
transverse-electromagnetic photograph in which 
the cross-section composition of the sample 
obtained as a result of the experiment is shown. 
[Drawing 71 It is a cross section for explaining the 
multilayer interconnection by the example of this 
invention. 

[Drawing 8] It is a cross section for explaining the 
manufacture method of the semiconductor device 
by the example of this invention. 
[Drawing 91 It is a cross section for explaining the 
manufacture method of the semiconductor device 
by the example of this invention. 
[Drawing 101 It is a cross section for explaining 
the manufacture method of the semiconductor 
device by the example of this invention. 
[Drawing 1 11 It is a cross section for explaining 
the manufacture method of the semiconductor 
device by the example of this invention. 
[Drawing 12] It is the cross section showing 
roughly the salient phenomenon produced in 
aluminum wiring in a beer hall. 
[Description of Notations] 
9 Insulating Region 

11 Si Substrate 

12 Si Oxide Film 

13 Bottom Ti Layer 

14 Bottom TiN Layer 

15 The Main Conductive Layer 
16TopTi Layer 

17 Top TiN Layer 

18 Aluminum -Ti Reaction Layer 
19, 24, 27, 32 Si oxide film 

20 TiN Layer 
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21 Tungsten Layer 

25 Ti Layer 

26 Aluminum Cu Conductive Layer 
28 33 SiN layer 

31 P Type Si Substrate 
34 N Type Well 
36 Field Oxide Film 
38 P Type Well 

41 Gate Oxide Film 

42 Polycrystal Si Layer 

43 WSi Layer 

44 Oxidization Si Layer 
G Gate electrode 

46 47 LDD field 

48 Side Spacer 

49 50 The quantity high-impurity-concentration 
source / drain field 

51 Silicide Layer 

52 Insulating Layer 

53 Connection - Hole 

54 Ti Layer 

55 TiN Layer 

56 Tungsten Layer 

57 Layer Insulation Film 

58 TiN Layer 

59 Tungsten Layer 
W1-W4, WT Wiring layer 
P1P4 Conductive plug 
III, H2 End connection 
T1-T8 Pad 
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^£Z>&&£.l$.tftSISkt£&o &%<n&WHz*s\ l *Xte. 
±*T iJll 6BSJ2 0nm8Si:M?rtTV 1 fc, 

t\ ±.mr i Nil 7SrJBrt+SR»c. Al-CuM 

^ * LfcB*<D»«SM^ie5 < * o T L * •? „ 
[00 2 3] WT(wlR9)-r6ie«lw*5V^T(t^Ufc-7-V 

40 [0 0 2 4] S i £f£_hlCfcS!HW£ (S i 0 2 ) 

lOOnroSltSJt, -e»±iw«[«sa»s^^^f 

y^X-lSfi Lfc„ TWIT i H 1 3 , kfflilT iSl6IJ, 
^^j'^!;>^lA2kW < Af^fiElinToriX 
Jf2/*Lfc 0 TflJT iNi!4, .hfllT i NJg 1 7 lis 

y>if9.J)5 kW, Ar : N^'^iJiEfiit 1 : 1 . 
Sl«^E3raTo r rX*SL-«L, A 1 -- 0 . 5% 
C u£&S 1 5«. >^m/3 lOkW, A r 

^E3tnTot r-e«Lfc„ 



[oo25j ftmimswnt&m*. vmwi&m.mzt» 

*)->-- HS«i«:»l£U *«&*&4 0 0t> 3 0#Sfl<O 

[00 2 61 01 (B) 12, frMm<om"))8.LKtti- 6 

11. 2 0 n m£>TflJT ill 3 CD±K, Tffll T i N 

S 1 4 , A 1 1 5 £Bfi)t U ±«JT i « 1 6 (2Jf$ 

fifc-ttT, ESS KflHT i NS 1 7&»5StLfc-ti-V'//t-4r^ 
•f. ft&K 1 tt. A 1 1 5 tO±lC, m £ 5 n mCO 

±MT iil6 Ufc-9" V^Sr^i-. «i»R 2 

f2, A 1 1 5fflil:)?S 1 0 nmml«|T i g 1 

G $;Wtf8.l.1fy->-7il>tc^-t„ ftMR3ll. A l 
1 5W±|C, 2 Onm©J:(l)T ifl6 SrJfMLfc 

[oo2 7i la^fcw^fc.t^t^ 3-D- ^A-tC *5 <^ 

co4*tt£J±tSrf-5i, ±ffi'jT ill 6$rW$^V>ii^y 

ti±«IT ill 6 0ff$*si9>:-r5li^«tfi:H:*:#< 
CWijg*^<bl2, ±MT i ® 1 6f2»WS 

[00 28] El 2 12, SI 1 (A) lc^+ J: 9 /.cfiSEiffiiffc 

[0 0 2 91 Si &Jg 1 1 ±IC, /^XvTEOS (? 
|- 71 ^y-> 7 y) KJ: (3 S i SWtgjll 2£1SS 5 0 
0 n mf&g Lfc„ S i SfcffcBS 1 2 ±ic, SB 1 fi»iW 1 
(A) Sr#BSLTiaWLfc^^^fc, |5]-coX 

U SUJWtyiyfyi' (R I E) \z 

[0030] $i£iiwi zmom^, ->v^ym 

itm 1 9 2 0 0 0 n mfifcg U <b$«l4*WI (C 

MP) KJ:*>»K*^ttHfcLfc. S iSMkttl 9*ffi.H 

>£ffr#U R I Et'J; Otfij&flH 1 3rJf5fi£ Lfc RF 

X*"Ufc«. TiN|20^50nm^'^ l J> 
'/T-MliStL, t»«^>^f>l2 1^5 0 0 n 
mCVD|rj;t)^L7t 0 tS^T, K?^!^^!: 
J;otw|^±ixj/f^u SafcfLH irt Silica 
Wf53*£2 1 taut. 
[0 0 3 11 SittTLH 1 rtiOT i Nf2 0 }3 £ V ? >> f 

^f>««2 l tmw&-r7*P i *«fiK-f -So 7*7^ 

P 1 £"aWafilli!&»Sl 9«og±lc, Ell (A) ic^L 

fcfcSBwi m was**-*-** 2 &msw 2 l 



(4) M^lO-2 33443 
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fc. *2E*iliW2±UL-/'Xh-'^->i^U R 
I EUJ;oT^DX^f7t\ »2|i«BW2»/<{'-^ 

#fc. cidis*. SBiKflsUiwi ti2«e»iw2ii^ 

yy'P 1 Z-ft-LXn.fS.#)lz&&iStiZ>» 
[0 0 3 21 S2(£jilIW2^i9i:5l:, C 

VDI:i») S i gHfc»g2 4 2 0 0 0 nmMU. 

nm«Ti®25<t, f i 6 00 nm»A 1 -Cu^ft 

[00 3 31 *±JfK*Wlfc»5 /5XvCV 
DlCiSS iSMbl«2 7fcJ5t$2 00 0nmJfcJ*U * 
»±ICS i Nfll2 8£rJ?£ 5 0 0 nm/jScSUTt. SiN 
IR28. S i Mi\M2 7 fcHiiLT^y KTLSr^fiKLv 
20 ftJJIKttrojffSffittfrgttti,*:. SiStSl 

L v 4 0 or, 3 0»c0#S«lJa«ri»9iSLfT*'jfc„ 
[00 3 4] E13W. >ryt-f> (Ke 1 v i n) 

[0 0 3 5] 1213 (A) 12, ^/H:'y/^-y©«t?r 
*«S«lc#-f. IB 1 SE&SW l (2, *IH»^-eiS»XEA 

W 1 Jo 2iSS^)iW 2 12, -eix-fHsaaicjbH 

30 y h'T 1 , TaioiC/TS, T 4 |r^$nr^*o 
y KT 1 frt>T 3l~fafrr>xmX. i 4-j5£L, s< y KT 
2, T4WX-fe/E*iM^1-6ct^2;'9, f7gtt:il 
ftHSlJiW*BttO. 54«m, fc"TfU2& 
0. 4 4(im-eJ)ot. Sfcl»J*(2, fflftK>y*ri-y<«r 

StO/f$4r0nm, 5 ntn, lOnm, 2 0nm«<k 

[0036] U3 (b) (2, m^sk^^-t-fyyx-ib 
i\ 

[0 0 3 71 ftj^C l J 0, CP1, CP2, CP3«, 
Zi\?H±MT ifiCfSliS, Onm, 5nm, 10n 
m, 2 0nm»ty/^t. El+iflJft^^lcv^ 

toft/>:<&lM5^>;fo-#JE<, jSV«S*Sr'-ni-. ±ffl!lT i 
Ji*:W4'5ev'*i»CPO|-i. «MS<*t^#<. 

[00 381 ±#1T i dfcJ&fiSc LfcftlSC PI, CP 
50 2. CP3I2. ±fl)T ig^W*^^*^CP0IOi- 



(5) 



1 0 - 2 3 34 4 3 



AWT i)lco)¥$|cJ;6MlS^ ISi'8g^?>tL^i/\ r»*£ 

[0 0 3 9] 3 414. x.-tmmwtmtz,*-^* m> 

?u-is3><n-M1k*n;-t. 134 (A) Ji, tVT' 

Id, mmz.'<y h'TG, T6^tU /^KTSH''! 10 

f>IC^fKT7. T8*iM§n. ffii»S^liib'(t6JS 

[0 0 4O] C©^»IC«l^t>y/Wi, [3 1 (A) 
f'*i-J:5fc*fiKt?*>*K SiJS«linJ:l:/7Xv 
TEOSWS i BMfcRl 2£J?£ 5 0 OnraMU * 
<7)±(c. Ell (A) SrMUTRWLfclSt.t 9 fcS 
EUSSWfc^/SLfc,, llTiiffliSll ±&<o#£ 
N8L Onm, 5nm, 1 0 n rru 2 0nmtfftSt 
fc„ ^coSa»®±l-. RI 20 

>WCD*Bli, 0. 6„m, 2 n m, 8 n mic£-ffc£-tf 

fc 0 Si8SSw»_h(r, /7XvTEOSfflSi»(tii: 
2 0 0 0 nmfifcSU CMPtiot ; Pffl.{t L "Cte^K 

ffiff£Lfc„ -frcOgL 4 5 0"C, 3 0 #|H]cDT 1 

[0 0 4 1 ] *f*lC*itt£>SPfa£&i2. KKlWWfflT 

5. T6^P>«jjf£)5f£U ffitftffi^^^-t-S. J&tivff 30 
t'-'l 0%±#LfcB* s ^•co-tV7'/M4'FSitJl»t1 -5„ 

S»#l:l!fvi:ML> 5 0%mii5 5 0%*fi 
B#fHJ t 5 O^aSl^S,, *SE*«tt. ^Elfcti <ry J f s s~? 
/H:*J^T*II;2MA/cm 2 (OR^Lfc. -ft to 

[0 0 4 2] E!4 (B) U. ^mfe*«r*t^77T'fc 

6. *M*tt±«T iSwfJSrWSnm^U 

5 0%^S«fM t 5 0 tmmWl (h r s ) 40 

[o o 4 3] fte»4B*so. 6 n mwyzf^t^i-tiim 

L 1 ±*T i 5 n m-C«*tt«:5* U SB 2 

T i «oS#^JS< *£KftoT«'>-f-5*S£*r*LT 

<T)-?ls7/U&,7"}-mmL 211, ±WJT i H&Jg/*l,/.e^ 
i>t, *©J«FSI-J:?>-f. 5 0%^ftB»IHt 5o»i8tA 

t 0 0 4 4 ] Effiffi*: 8 /■ m^-T-V^t^-t-*^ L 3 50 



li, ±fl«T i 5 0%5Ffi»*flB t 5 0 

/!>sft'Hif[£*U IWTili^nm, 10ntni45 
I-^-d-C 5 0%^ftB*M t 5 (>«:&# SftTl^S. 
[0 0 4 5] 1214 (B) E&tH-il^T 

L/C^S. K»#B^JKV^ (2 urn. 
Sum) . A 1 H&M >.t«*T i N«£l&&1?>t. 

»t>JiTi^»*i-Sk-t-i. eiMWKbtate <o. 

6)im) , JifflST i «(OJ5[$^5nmiay2T-!t*'(«^^fe 
*fKfc^L-C^5„ <fc Ojyfc&Kti, 2 8 5 3H*fS3<75^ 
2 0fll<^X:r/l'4>3®L;6^IU~tt<bttA> 

[00 4 6] ^5(1, |-dt-</v-'> 
3> (LDEM, length dependence 
electromigration) (O^Sr^. 
[00 4 7] is (A) tt. -*>vVv<o«;*&mi&M)i:: 
S i L 1 CD±|Z % nmiOS i gtfc 

S£tiW 1 1 , W12, $2£$iW2 1 . W2 

x^tEi«T-*>-5. s i 3sts«oiraswfi'j«. 400^ 

3 oftRflw^SSrStlfir&ofc. 

[004 8] tyZ/Wfttlt EifiiSO. 5 4 urn 

0. 6 U mffc5. ssisaaaewi 1. wi2, 

$2E&JIW2 1, W2 2. -tit. timz-fysfp 

1. P2, -T-SjjE5nxi^„ 

[0 0 4 9] E«®rog$|l, 2*m (Wl 1) -2« 
m (W 2 1 ) - 5 tf m (W 1 2 ) - 5 /* m (W 2 2 ) - 
10(im (W13) - lOiim (W23) -2 0|ini 

(W14) -20»m (W24) - 5 0 urn (Wl 5) 
-50«m (W25) - 1 0 0(im (W16) -100 
n hi (W 2 6 ) - 2 0 0 /< m (Wl 7) - 2 0 0 u m 

(W2 7) k»*izmitiS1tXtfmi,lZ Q 

I o o s o ] isj^ii. •9->7'/i'£ 2 5 otro^W^^ic 
2mAwm^&'<*->ffi«W 1 'b8iEU tfelSLfc 

0 2 0%«<4ot»!f > 8E.mt>^&\zte^±km&-f 

[0 0 5 1 ] 135 (B) (4, i»J£*S*&*-fo *«lU± 
WJT i JgcoJ|[$«r^in«iT-*L, «f ttfi 5 0%^&B$ 
Wt5 0«:HMfcK»IW (hr s) l tfe»L4«i, R 

^♦l^o. 5 4*m©tSMS2«KWtiLDEM4-* 

EDM(^5 Oyo^^BUrt^^^ixTI-^o hfflT 

1 «£Off$*S5 nmfrh 1 0 n <t v LED 

m<7)s o%Ta»*ra t s oiiti^iriar l. *cd»±#i 
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[0 0 5 2] h(BJT i »<DJ?$j&S2 0 niii«B*<G5 0% 
iSl0nmi45i, 2?"F5e*iJSSS<ttS. »2Tii 

[0 0 5 3] ±«T I JifcfftdlLfcVMiG-fc, -bffl'IT i 
fc«U (3 3 (B) w*g«S*fc7R-*-.fc'5U:. -tfWT i 
4 (b) <o^Hfc^*lc^-t-«t5^. |S)-Se»®i*J<rc 5 o 

[0 0 5 41 «±©ei^t5t, Al (A13- 

£-2nm~-7nm, «t 9 L < fi 4 n m~ 7 n m<D$6 
fflrt KBiR-f S r t ir J; (3 &#WKfl£fr/c*S*j!>MS<bn 

[0055] 1216 w. ±fflijr i momz&mtzittcy- 

SI 6 (A) li, ±WTiJBl6iifS5nmOf&«:* 

ifii#fil«clwJ3V>-C, .hffllT i JB ^ A I £#K£LfcA 
l-Tiat«)M«18i):iHtv^„ Ttfc'U A lig 
*J(ftfl5-hlC*3V>Ttt, _hfMT i m 1 6f±lii:A/i'A 1 i 

[0 0 5 61 IS3 6 (B) tt, ±ffli|T i S^f^it 1 0 n 

VMTW. a l l 5co*6^!(si±^-e^±<MT i Sli 
r(3iS£U AliTi OKl&LfcA 1 -T i RJCS 1 8*5 
MSh"CV>5. A 1 — T i KJS«3»*, A 1 3 T i iB 
afe^n-C^*). ffl»W±«|Ti* (fJlOnm) J: 0 

[0 0 5 71 El 6 (C) H, JtffllT i 2 0 n 

mfc Lfc»#«f->'7'^««fifi«r^i% A 1 £:&Jg 1 5 
<7)1^&n±^X-i,±mr i JBttflHWU-A l-TiS(E 
il 8^J:*Jff<jgBfe$ix s A I "a&fi? 1 5 coff$l4j$ 

[0 0 5 8] llfiMt'WCfeiiS, Al (A1& 

[0 0 5 9J A 1 kT i kcObifotft.t&iB'&t*. T i 
J§ co/? $ trfS C -cKJfcJi <DW £ ^ifclig $ ft h t Wr £ ft 
S„ «^T. T i JgOjip^if^Jg&lt-t^D, A 1 

[0 0 6 01 M6roil£;££frftTW±cDi#j&£*g#-r<S 

T, Al (Al^) »w±|^f»^T 



(6) «FMf 1 0- 2 3 3 4 4 3 
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t^ff * L< „ -COT i flcoff $11^)2 nm~**J 7 nm 
£t>lCj?£U\ /?£ 2 nm<7>T i J§&ffr&-t3^ <!: 

[0 0 6 1 J S17W. #«^W^t6#IK<fc£#«&i&M* 
3tt«*«»c>l*+. S i £<S 1 1 rtCWffi« 1 0 a** 
fi££ftT}o9, ^-co±|r-/7^P l i5^^HX^5o 
10 SlfiSiWili, /y^PltSSRU -tO-tiBfy 
7;yP2i:MSh^ $6 2 K*&«w 2 tt. -fv'/vz 
KSt&U *ro±ffilcfcV'T^5^P3fc:»«:;¥ftS. 
S§3fi£»«W3tt, T-^P 3K&1KU -toiffiirte 

[00 6 21 m 7 (B) tt, *L0rofe»JgJ!JU4-«ffil& 

3&<FL. ^(7)_hliT i Nl 1 4 *lTir*5. T 

20 i NS 1 4 0.k{C±i§«JiT?*j5A 1 (A 1 ^4) 1 1 

5^«fiK$n. **SlSl5SM$2~7nm 1 ,k 

!)8*L<tt4-7nmmTiil6iJ!97„ "<0T i 
M 1 6 co_LI'T i NJB 1 7i) i f(iEJhTl 1 5, 

1 5<bi£t£8H-5T ill 6<D«$£2~7 n m, iO 
S?*L<W4~7nm^i-*^irlc:J:'5. fi«UBw«*i 

[00 6 3] El 7 (C) 14, ft±JB.«ffi«fttDfJUS«ji& 
^1% «±ScOgajft«WT(4. T if 1 3, TiNil 
4, A 1 gfcliA 1 1 5(0»Jf;l>lb}*fijI3iv 

30 <0±iZttT i /l, T i NS**S<Cl^ «±SEiSI« 

il. T i NfliT^'lttfcT'fcS. 

[00 6 4 1 l-ov^^lz-v'a A 

lttifl:fcp-C«l:4i:^1 -^r kffijs>btiX\>*Z>. A 
1 «^^•^;fc•v^T. a 1 -t i jsrtj&*c**2>t. 

^ iris, fcJSScoA l -T i Kl& 

[00 6 5] ^mimztoi^xn. .hSfK^U^SISir* 
40 HM&aw 45. c«*«r%*i-*4. #iS2i» 
JB^sa l (A l ^) i-Ti ®wa«4-#tr^SKi» 
ictj^x, T»ffii(!l^|£>j^?IS^, Ti«coff$tr*< 

[0 0 6 6J fcixll ^SK*SlCioV^-C, A l (A l 

f6l7i»oX&nm v lOnm. 1 5 n m, 20nmCO^9 
Id^-pl-iSAP^-liri,, A 1 - T i <r>)&g.<n%Lfc$:ffi\t-t 
*fc*lr«. TSd^t>±S(-fSliil^oX5 nm. lOn 
m, 10 n hi, •••WJ:5fc*HKJtJto**Tfc.tV\ 7" 



[0 0 6 7] fcjo, #SKIftSr^-t-6SS. IS3 -m$<n 
iS< LTfc <fcv\, 

[0 0 6 8] J£AT\ CMOS^a|^«Sri4jgi-6»-^ 

[00 6 9 J El 8 (A) U^t i9tc s P ISiS«3 
lSESiiw. ^-y7 T m\MZ 2 Sr^LTS i NJliM? 
--V3 3tMt5, S i NaS'- 5 * — 73 3tt, I.OC 

osicfeossf^^^^i: Lxmm-i-z. S i N«/<* 

■ ■ > 3 3 "Cf fcntfflSt^Sllffilii <C t) > -E-Oftfi©^ 

[0 0 7 0J p^ + ^^MOSFET^ftfiS;-r5ti*<f 

b-^-VR 1 :«^^h ' 

x^R 1 i: U P^Tt^ZS i NJ!»3 3, 

7rSHtl«3 2^LtpSS i 3S1S3 llc-r^&A 

*"T?JMMfc«:fT\.\ LOCOST.SK J: oTltfl*fria 

[00 7 1 J El 8 (B) Ir.Ts-fJ; ?l~. 7<->vvmt 
«3 6fc*J*Lfc«> nffl!>xA'34S:15l'^bv 

K^tib. K<r>4*>fe.X\zX 9, p S £ * 3 8 ^> 
-tco}*, l--^h7^^R2, S i NJBI^ 

[0 0 7 2] E)8 (C) \zmi?X*)\Z, JRttl LfcgttfE 
«*BtjRaWtli:J: Dy- hOMUK4 1 <5„ £ 

f>ti. ^- h«Hfcl8S4 1±(C, #*£&S iK42«:CV 
DKJ:9*«U MirtCLWS i«4 3^CVDSfc 

«f vdi- J: $. $e>K, i&sic&utws i 

/g4 3©±|r S i 0 2 8£4 4 S:CVDCJ:t)£l5t6. 
[0 0 7 3] £*£<t!.S ifflS4 2, WS i«4 3 £ 

[0 0 7 4] y-h*ffiffl©«Jg«^*JgfifeLfeM, ffl 
«±IZU'v** l-A7-yR 3£fl?/£U y-hiS^ 

uv*^ i--7x^r 3ftB^±-rSo 

[0 0 7 5) |g)9 (A) (C^-fJipiC. P S^j/m8 
*r«ffl-f.5l*?Lfc*r*-3 u^* ^**R4£fl^U 
P'f t>i$A Lt L D Dfflm n " M4 G ■SrJBfcl 

i"-&„ "tvy&^iS* h-^ ;* ? r 4 £rl$* U ^(SiinM 
^^3 4Sr*m-r2>l«7l4rW-t-2. h?^^R5 
&Mi$.-fZ><, U'v** h-v^^R 5 <t U B F 2 



(7) **IW¥ 10-233443 
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-1*^ >^tyttALtLDDifliOp " f?itft4 7^^ 
-*-<S>„ ^-©8 h ? R 5 audits, 
[0 0 7 6] 0 9 (B) ir^-«t9ir. y- h 
oTJS&feifiiiiKS i OIK£CVDI-J; 9flMU 

*>*4"- MM K^-A4 8«t6. y- h«ttB 
±8jkS*{fcB*4 4 a -e«My#lT^S. 
[0 0 7 7] 139 (C) {ZTik-fXjiC^ El 9 (A) IC^ 
LfcOiMOl/^ l-vX^S:ffl^tp®^x/l-3 8 
10 I'itU A s tyitALtR«!|S)iS»y-^/ 
K^y««4 nS'>x/P3 4l:BF 2 4: 

*>riA L X B^&fcffi co y-VKw-T vfH* 5 

0 4M1'5. 

[0078] ei i o (a) izm-tx *> mm±m±\z 

T iSfc^MSU mtzm&fi* v z, hlzXiX S i 
U1LTI^®*K±ICT i S i IB 5 1 &fl?Sfc-f£. 
'J -9-4 KixlSSS. *R&T i Sttffci-i-So /f*>\ T i 
»ftb5i:Coi»\ CoS iiirMLttJ:^, 

[0079] as (o ic*sv»-c. 7-hm.mz£&sh 

20 S iSoo^T'^L, S i 0 2 flS4 4 ■btf^L^ofc 

[008 0] 110 (B) ascc0»££vTH\, 

£ is it 6 etui 9, y-x/FK^««4 9, 50 
fc'J:o | #e&->^vy-4ai4 2 hicr i s iJgs 

1 ^feKSHS. 

[00 8 1 ] "<?)J;9ICLT, CMOSm&&&l$Lt~ 
». *Bi±C»IBIftmil5 2«:»rtE-t-4. SMifeil*(»5 

30 2<i. C VDir i-SK-ftv-y 3>S 5 2 a i: . SOGg 

5 2 b vmmfrbtes. soG^MLti^ 

X^^fflv> C^>^i> h*-/P5 3^«^-*-5 0 
[00 8 2] Elll (A) iC^-Ti: *JS-fL5 3 4- 

Til54, T i N15 5^r^aU. ^<73^, CVDI; 

40 [00 8 3] -tK>^, T i 1 1 3 , T i Ni 14, Al 
4/r.liA 1 ft&»l 5, T ill 6, TiNil7«« 

[0 0 8 4] /i*J s *ls?*7-'sm*?-v1-~s->/Xn.lz 

i '■■5»£&g&iUL-fca*. cMPtcio-cspiaffiJ-.&o^^ 

10 0 8 5] ill (B) (i, ClcoJSra £r^i% 
50 aifl5$rRtirt-5„ f«*S7L5 3rtic|±. Tii54, Ti 
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[0 0 8 6] Sill (C) [ztT-4 «fc M:, SiSKlSw 
lfrJ&SLfcaL MMMtlRS 7fr#ritu *ro*tffi£ 
3Pfflftf5. *mi6iBtlK5 7(cKtft?L«:»fiKU T i N 

<m«fc9IK:&-*-$. C<^J;?[CUT, JIfB]ite**ll£5 7£ 

[0 0 8 7J fcjS, ^ffi®±COWjgiD|»*fi, 
^•y^>^<73to. CMPl:J;oTfT4ot^J;v\ Ell 

l (D) l± ;«»^tjnt. *>;/*-r^/lfl5l*'<£, 
CMP«rfTv\ JVPQ*6WK5 r*aff«r«rmu. 

[0 0 8 8] Z<K>&, Ell 1 (A) . (B) K^-TIli 

»3 2-7 nmtOT i 6 C t L 

[0 0 8 9] flS*Wlc±*f|;)iro«t^aj|cA l - 

t\ Al (AIM) ««J¥$^J-.«ii^*li^<i- 

u^U^liC^t** A I (A1-& 

&) fc*H-*T i SoffS(OJt*T*l=/j:5l5 

[0 0 9 0] Ell 2lr>r:-f ±7l:, »¥iitld»<3, t'T* 
-/i4*!<0A l §mfr*~^Mu&<omili& (:9imftizB 

sMmvrtm&u zvmm&i&ffl§9bx-m-j. am 

f/-^tt. ±®K« (tt*f*2JfBKtt) 

feitrsiEi «w*.wriJiBia») ^±aiicfc6T i 

n/t i Bf J t*#+st<oi»t>*i5. 

[oo9i] zom&tt. mmmm^&^h, mm 

(M&m&frhn* b u-^t-a l it\?T*-/uft\cft Ltti 
$*i-5<!:&§f§£ix-Cl^„ Lfe^o-C. Alt«TiN 

/t i awvM* Affile <^u ±«<osaiiS65iS»#£OfR 
[0092] i;6i)\ ±yiro|?lS5«T-nm«t4^r^± 

$-e--5fc«6UT i U Sf>l;Al-TiSfi?iS 

is, *i«Bfi*ui<0T itt*< LTt>. *2«i(fiM 

B^^LfOT i * (T i N/T i IS) &m< LTV X 



(8) BMf 1 0-23 344 3 
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-.>fc^^*-*ijr-fc5. T-tixtf. AliTi bkRJ&i> 
t. *-coi$,£-?£jg#;tti-CLi lJSBlHSflT- 
[0 0 9 3] -AfcfWSrS] <k LT. ±Sfid«Hc^< izfto 

xtnmMms.m< tehfa\M\^bz><nx~, M&#t£% 

[0 0 9 4] &io s SS!ig7'n-feXli*J(t5^--v ? >'^% 

HJi*fl)EB*ro!l!l*!iJHBJt«rB<-r5cia«ff* W\ 

[0095] »±*<oiia(Wi«rJB/aLfca. &<*!«£: l 

"CS iBftftUt (PSG« , SOGIffi, SiN*/<-« 

[0 0 9 6] LTT i &/flt^S«# 

Life**. W*?<ote(DS»/&£«$rfll^S 
d5„ t i N(±WN<Oi9iH.«^«^t:«5i:-r 

[0 0 9 7] JWi^SB^Jtr^o-C^lgMSrttWbfcjJs. 
[0 0 9 8] 

[02] *^sf? ^ o fc n& W -r 5 fc » w Wrffi 

[13 3 ] *«W*^fT/£ofcg?»«rlStW1-5^.toW4'-ffi 

40 m&xwy-jx-hz, 

[04 ] *%B^#^fT^ofc^»*Sft^^*fc*^¥ce 

[05] -*:*W#**ff*ofc*»«:»Wi*5*:tt)a>»a 

7ffci. 

[@6 ] *«tf5tt*#/S:tl->7'yno»rtff«rilSr^-*-TE 

M (7) X 5/ -7^ T- *> -Z) . 

[0 7] 4:«no%MiMlcj:s#j|flB«ll«Kn-^6fca6 

(OKtrflBBilT-fcS,, 

50 ift^r2)Ac*wltfrffil2n?*)5„ 
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[El 9] *«WO*lt«lcA5*SMt:lBK»l4a*ife«: 

[Hi 0] *«MW**fl"IU±6'»*»«:ttB<0»a^jS 
&MWir-fifc«)«»iBia-e*>5. 
[Ell l] *56lflwHffi^ltc:j:-&-¥*tt:ajEH»MjgA-«fe 

£ «ft w -r s fc * w wt ffi is -c fc -5 „ 

[Ml 2] f 7*-/KS«A 1 I2^liii:53?iem*4- 

9 J&HHHtt 

11 Silft 

12 Si BfcfcR 

1 3 >'«T i 18 
1 4 T«IJT i Ni 

i 5 zmw§ 
1 6 ±«]t i m 

1 7 .bfcJT i N« 
18 A 1 - T i Rl&m 
19.24,27.32 Si &ikf& 

2 0 T i Njf 
2 1 

2 5 T i S 
2 6 A 1 - C u Sllgjg 
2 8,33 SiNi 

3i p®s>&m 
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3 4 nl!>i/> 

3 6 y * -a- KBMti* 

38 pl!)^ 

4 1 KSft^CIBi 
4 2 ^£Sii 
4 3 WS]| 

4 4 ants i m 

4 6,4 7 LDD1£J£ 
10 4 8 1M K^^<— y- 

4 9,5 0 SS^Mtljiffiy-^/ KM Vf5ji£ 

5 1 •> y KJB 
5 2 ife&Jf 

5 3 ttftfl. 

54 Til 

5 5 TiNi 

5 6 * >^f>l 

5 7 jara«5^jg 

5 8 TiNi 

20 5 9 ?>yX7r>M 

W 1 - W4 . WT K$J§ 
P1-P4 8MW47*7^ 
H 1, H2 tfc&n 
TI-T8 '<yK 




